Aerosol optical thickness (AOT) was retrieved using the Advanced Very High Resolution Radiometer (AVHRR) PATMOS-x Level2b gridded radiances and the two-channel algorithm of the National Climatic Data Center (NCDC). The primary retrieval product is AOT at 0.63 m channel. AOT is also retrieved at 0.83 m or 1.61 m channel for consistent check. The retrieval was made during day time, under clear sky and snow-free conditions, and over the global oceans. The spatial resolution is 0.1 × 0.1 degree grid and the temporal resolution is both daily and monthly. The resultant AVHRR AOT climate data record (CDR) spans from August 1981 to December 2009 and provides the longest aerosol CDR currently available from operational satellites. This dataset is useful in studying aerosol climate forcing, monitoring long-term aerosol trends, and evaluating global air pollution and aerosol transport models over the global ocean.
Introduction
Aerosols affect the climate through direct and indirect effects. For example, they affect the surface and atmospheric radiation budgets directly through scattering and absorbing shortwave radiation [1, 2] . They also affect climate indirectly through the interaction with clouds and precipitation in a number of intricate ways [3, 4] . Uncertainty in aerosol effects on climate is one of the largest uncertainties in climate forcing [5] . A long-term aerosol dataset with climate quality is essential in reducing the uncertainty of aerosol effect on climate. Satellite remote sensing of aerosols is the only way to provide aerosol data coverage over the globe for multidecadal time periods [6, 7] .
Advanced Very High Resolution Radiometer (AVHRR) measurement is the longest operational global satellite observation of the Earth's atmosphere and surface. Observed radiances/reflectances have been widely used to derive longterm products of atmospheric variables, such as cloud and aerosol (see, e.g., [8] [9] [10] [11] [12] ). AVHRR radiances have been carefully recalibrated recently using more accurate Moderate Resolution Imaging Spectroradiometer (MODIS) radiances to achieve a better quality [13] [14] [15] . The newly calibrated radiances are aggregated into 0.1 × 0.1 degree orbital grid in the AVHRR Pathfinder Atmospheric Extended (PATMOS-x) Level-2b climate data product [14] . Using the AVHRR PATMOS-x Level-2b top of atmosphere (TOA) radiances and the two-channel aerosol retrieval algorithm [12, 16] of the National Climatic Data Center (NCDC), aerosol optical thickness (AOT) has been retrieved over global oceans from August 1981 to December 2009, which forms the longest aerosol CDR currently available from operational satellites. The product is named NCDC version 2 aerosol CDR product and will be available for public access soon through the official NCDC CDR Web portal (available now through FTP by request from the authors). This paper introduces this version 2 aerosol CDR data product.
Methodology
To facilitate the derivation of atmospheric CDRs from AVHRR PATMOS data, more accurate MODIS [17] radiances have been used to recalibrate the AVHRR radiance retrospectively. NCDC two-channel aerosol retrieval algorithm is used to process PATMOS-x Level-2b TOA clear-sky radiances for global oceanic aerosol retrieval. The algorithm provides estimates of AOT independently in the AVHRR channels at 0.63 m, 0.83 m, or 1.61 m, assuming that the molecular atmosphere, the aerosol microphysics, and surface reflectance are known and invariant. Considering that 1.61 m channel is only available after 1998 on AVHRR version 3 and the measurement in broad 0.83 m channel is contaminated by water vapor absorption [16] , only AOT retrieved from 0.63 m channel is served as an AOT long-term CDR.
In operation, the relationship between AOT and dimensionless reflectance (radiance normalized to solar flux) is described by a four-dimensional look-up table (LUT), precalculated for different AOTs and view-sun-azimuth angles using 6S radiative transfer code [18, 19] , assuming weak absorbing aerosol model and a bimodal log-normal size distribution. Other parameters specified as input to the LUTs are Lambertian oceanic reflectance with diffuse glint correction to the aerosol phase function. The retrieval is performed under several conditions: (1) solar zenith angle <70
∘ and viewing zenith angle <60
∘ to minimize atmospheric curvature effects, (2) glint angle >40
∘ to avoid sun glint contamination, and (3) relative azimuth angle >90 ∘ (the antisolar side of satellite orbit) to include only back scattering. The grid box or pixel is regarded as clear when the PATMOS-x cloud probability is less than 1.0%. The PATMOS-x cloud probability is derived from a Naïve Bayesian Technique [20] . The LUTs are searched in the retrieval to find the best match-up of LUT reflectance with the observed reflectance for an observation grid point (or pixel). The AOT value corresponding to the best match-up of reflectance in the LUT is considered as retrieved AOT. The algorithm has gone through both global and regional validations by comparing with ground truth measurement from AERONET (Aerosol Robotic Network [21] ) and other satellite aerosol observations (such as MODIS) (see, e.g., [16, [22] [23] [24] ).
This version 2 AVHRR aerosol product consists of AVHRR AOT at 0.63 m and 0.83 m (or 1.61 m) channels. It was derived from PATMOS-x Level-2b TOA reflectances (or radiances) using a two-channel algorithm [12, 16] of NCDC. The differences of this new version 2 product from previous version product [12] include the following: (1) retrieval is performed on the aggregated orbital grid of 0.1 × 0.1 degree rather than on pixel level as in version 1; (2) different cloud screening criteria have been tested for the entire CDR time period to minimize cloud contamination in the aerosol retrieval while still retaining the strong aerosol signals. Only AOT at 0.63 m is served as the official version 2 CDR product, and 0.83 m (or 1.61 m) AOT is a supplementary product used for consistency check.
The enclosed dataset is a long-term averaged monthly mean AOT (0.63 m) mapped onto 0.1 × 0.1 equal angle grid over global oceans. It was derived using the following procedures.
(1) Perform AOT retrieval over global ocean from daily TOA orbital clear-sky reflectances of PATMOS-x AVHRR Level-2b product. The AOT product produced from this step is named as daily orbital AOT product.
(2) Generate daily mean AOT by averaging all daily orbital AOT values in a day for every 0.1 × 0.1 equal angle grid over the global oceans. The resultant product is named as daily mean AOT product.
(3) Produce the monthly mean AOT by averaging all daily mean AOT in a month for every grid point from August 1981 to December 2009 (total 341 months). The output is named as monthly mean AOT product.
(4) Long-term monthly averaged mean AOT product for a selected month of 12 months (e.g., January) is obtained by averaging all the monthly mean AOT for this month from 1981 to 2009 (e.g., 28 monthly mean AOT for January) for every grid point. The enclosed data is stored in the binary format. Each month is a data record with a size of 3601 × 1801 and arranged sequentially from January to December.
(5) The full AOT (0.63 m) CDR version 2 product in NetCDF format will be available soon at the official NCDC CDR Web portal (binary version is available now by request from the authors). Figure 1(a) is an example of this long-term AOT product, which shows the AOT global distribution. The AOT distribution is mainly zonal, with AOT maximum over the equatorial oceans, Arabian Sea, and the South and East Asian coastal waters and near Indonesia. The AOT maxima over the equatorial Atlantic and the Arabian Sea are due to dust emanating from the nearby deserts; the maxima off the west African coast and Indonesia are due to the emissions from biomass burning; the maxima over the South and East Asian coastal waters are due to anthropogenic aerosols from industrial emissions. Figure 1(b) shows that the dataset produced in the aforementioned processing procedures can be used for studying the AOT long-term trend. AOT increases off the West African coast, over the Arabian Sea, over the South and East Asian coastal waters, and around Indonesia. The increase off the South and East Asian coastal waters is consistent with the economic growth and industrial emission enhancement in India and China during the past three decades. The increase near Indonesia and West Africa is due to the increase in biomass burning. The negative trend in the Mediterranean Sea is due to tight emission regulations in the European countries implemented in the past two decades.
A number of natural and anthropogenic events that significantly increase AOT can also be seen clearly in the dataset produced in the previous data-processing procedures. One example is the Pinatubo volcano eruption in the Philippines in June 1991. Figure 2(a) shows that the AOT over the global oceans has increased significantly 3 months after the eruption. Most parts of the equatorial ocean (10 ∘ S-10 ∘ N) have AOT exceeding 0.4 (Figure 2(a) ), which is more than double of its climatological (or long-term averaging) value (see Figure 2(b) ). Figure 3(a) shows the impact of forest fires on the AOT over the oceans surrounding Indonesia in the fall of 1997. The corresponding climatological AOT distribution is given in Figure 3(b) for a comparison. During El-Nino years, the number of forest fires in Indonesia increases significantly. The year 1997 is a strong El-Nino year, and most parts of Indonesia are very dry. In the fall of 1997, the forest fires in Indonesia spread thick clouds of smoke and haze to neighboring countries and the Indian Ocean. In October 1997, a large part of the ocean around Indonesia had AOT exceeding 0.5 (Figure 3(a) ) while the corresponding climatological values are generally below 0.4 (Figure 3(b) ).
The aerosol CDR dataset produced in the data processing introduced previously has been used to study long-term aerosol trends and climate forcing [12] .
Dataset Description
The dataset associated with this Dataset Paper consists of 2 items which are described as follows. First data record is January, second is February, and last is December. The center of the first grid box is −180.0E and 90.0S with grid indices increasing eastwards and northwards. Each month is a data record with a size of 3601 × 1801 and arranged sequentially from January to December. The enclosed data is stored in the binary format and can be plotted by either GRADS or IDL.
Dataset Item 2 (Source Code)
. IDL code used to read longterm monthly averaged AVHRR aerosol optical thickness data in a binary file (.bin) and output in a spreadsheet file (.dat).
Concluding Remarks
There are four major error sources in the AVHRR aerosol retrieval. They are errors in the treatment of surface boundary conditions [16] , assumptions about component aerosol microphysical properties [23] , inaccurate instrument calibration [12] , and incomplete cloud screening [24] . Spurious AOT trends may result from these error sources [25] . In the past decade, significant efforts have been made to minimize these errors (see the previous listed references for more detailed discussions). Optimal cloud-screening criteria have been specifically identified through several sensitivity studies for the whole 29-year AVHRR data record and applied to the production of this version 2 data, which is the major enhancement to this version of the data product compared to the previous versions. A separate paper is being prepared to discuss these sensitivity studies on cloud screening and the improvement in the AOT retrieval. Moreover, vigorous consistent checks and quality controls have been performed to remove the spurious retrievals and homogenize the AOT product.
The final AOT CDR product is AOT at 0.63 m channel with supplementary AOT at 0.83 m or 1.61 m channel for QC/QA purpose. The spatial resolution of the product is 0.1× 0.1 degree grid, and the temporal resolution is both daily and monthly. The data spans from August 1981 to December 2009 and provides the longest aerosol CDR currently available from operational satellites. It can be used for studying aerosol climate forcing, monitoring long-term aerosol trends, and evaluating global air pollution and aerosol transport models over the ocean.
Dataset Availability
The dataset associated with this Dataset Paper is dedicated to the public domain using the CC0 waiver and is available at http://dx.doi.org/10.7167/2013/140791/dataset.
